transmembrane proteins. It is therefore of interest to study the influence of lipid-protein interactions on membrane trafficking to find out how transmembrane proteins influence the lateral sorting of cholesterol in phospholipid bilayers. We have measured the equilibrium partitioning of the fluorescent cholesterol analog cholestatrienol between large unilamellar vesicles and methyl-b-cyclodextrin to determine the effect of hydrophobic matching on the affinity of sterols for phospholipid bilayers. The sterol partitioning was measured in 1,2-dilauroyl-sn-glycero-3-phosphocholine (DLPC), 1,2-dimyristoyl-sn-glycero-3-phosphocholine (DMPC) and 1,2-dipalmitoyl-sn-glycero-3-phosphocholine (DPPC) bilayers with and without the peptides WALP19, WALP23 or WALP27. The results showed that hydrophobic matching will affect the affinity of the sterol for the bilayers. Stronger sterol binding to the bilayers was achieved by an increase in positive hydrophobic mismatch (except in extreme situations), and a large negative hydrophobic mismatch decreased the affinity of the sterol for the bilayer. Peptide insertion into the phospholipid bilayers was also observed to depend on hydrophobic matching. In conclusion, the results showed that hydrophobic matching can affect lipid-protein interactions in a way that may facilitate the formation of lateral domains in cell membranes. This may well be of importance in membrane trafficking.
2612-Pos Board B304 Functional and Structural Characterization of Pulmonary Surfactant
Protein SP-C in Nanodiscs: A Nanotechnological Approach Nuria Roldan, Jesus Perez-Gil, Begoñ a Garcia-Alvarez. Faculty of Biological Science. Complutense University of Madrid, Madrid, Spain. Because membrane proteins need to be taken out of their natural environment and reconstituted into artificial milieus to perform structure-function studies, the search for mimetic membranes that retain their native structure and functional activity constitutes a challenge. Nanodiscs emerge as a powerful tool for achieving this goal. These discoidal particles are constituted by a phospholipid bilayer encircled by a membrane scaffold protein, which determines the size of the nanodiscs. We are focused on the study of pulmonary surfactant protein C (SP-C), a key component of the pulmonary surfactant lipoprotein complex that reduces the surface tension in the pulmonary alveoli preventing them from collapse during respiration. This transmembrane protein is a 35 amino acid peptide dually palmitoylated in its N-terminal segment. SP-C is one of the most hydrophobic proteins that are known and its low stability and the high tendency to form aggregated betasheets in aqueous solvents difficult its structural and functional characterization even in the presence of detergents. In the present work, nanodiscs containing both native and a non-palmitoylated recombinant version of SP-C have been obtained using POPC as a lipid membrane model. The incorporation of SP-C into nanodiscs provides a novel approach for structural and functional studies of this membrane protein in a bilayer mimetic system. 2þ results in the extrusion of the myristoyl group. This is the so-called Calcium Myristoyl Switch. The study of the structure and membrane binding of recoverin in the absence and presence of calcium is therefore of great interest. On the other hand, the membrane composition of the rod outer segments is more than 60% of polyinsatured lipids. This parameter could therefore modulate the membrane interaction and binding of recoverin. We have investigated in the present study the conformation of recoverin in solution with and without calcium and myristoyl. We have also investigated the interaction of recoverin with phospholipids with different polar headgroups and acyl chains using a combination of solid-state NMR and FTIR spectroscopies as well as the effect of cholesterol at a 10% molar ratio in membranes. Our results demonstrate that protein aggregation is favored in the absence of calcium and for the non myristoylated form of the protein. In addition, 31 P solid-state MAS NMR results suggest an important role of the myristoyl group and of the hydrophobic pocket of recoverin in its interaction with lipids. University of London, London, United Kingdom. Proteins belonging to the S100 family regulate many cellular functions, including cell growth, differentiation, motility, contraction and intracellular signal transduction. S100A12 is a small calcium-binding protein highly abundant in the cytosol of granulocytes, where it has a possible role in signal modulation of inflammatory processes. In this study, the binding of porcine S100A12 (Calgranulin C) to lipid bilayers and the effect of ions (calcium and zinc) in modulating its interaction with liposomes was investigated using synchrotron radiation circular dichroism (SRCD), fluorescence emission and surface plasmon resonance spectroscopies. The binding of S100A12 to phospholipid vesicles occurred both in its apo-and holo-forms, however the protein was bound more tightly to negatively-charged liposomes. Moreover, the presence of the ions facilitated its interaction with liposomes, producing distinct conformational changes and severely reducing its thermal stability. These S100A12-lipid interactions may be a way of translating physiological changes in calcium/zinc levels into specific cellular responses. In addition S100A12 may exist in a dynamic exchange between cytosolic and membrane-associated states, regulated by specific cellular signals.
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2615-Pos Board B307 Lipid Selectivity in Lipid Efflux Induced by Proteins and Peptides
Michel Lafleur, Alexandre Therrien. Université de Montréal, Montréal, QC, Canada. Some proteins and peptides have the ability to extract lipids from membranes. In some systems, such as some toxins, it leads to cell death. In other systems, this process is vital. For example, bovine seminal plasma contains phosphocholine-binding proteins that associate with sperm membranes upon ejaculation and cause lipid efflux; this effect modifies the membrane lipid composition, an essential step in the maturation process of fertile sperm. In general, the affinity of these peptides/proteins for membranes and their impact on membrane permeability are well characterized. However the induced lipid efflux and particularly its lipid specificity are much less investigated. Using model membranes with different compositions, we identified the lipid selectivity of the membrane lipid efflux of two systems. First, we characterized the lipid efflux induced by BSP1, the most abundant Binder-of-Sperm protein in bull seminal plasma. The protein binding displays a distinct affinity for phosphatidylcholine. However, even though the protein anchoring on membranes is PC-specific, we demonstrated that the lipid extraction is practically without any lipid specificity; BSP1 molecules solubilise a lipid patch to form small complexes with a stoichiometry of 10-15 lipids per protein. Second, we characterized the lipid specificity of lipid efflux induced by melittin, a helical peptide with a secondary amphipathic character. Phosphatidylethanolamine, and cholesterol, two molecular species ordering bilayers, reduce the membrane affinity of melittin. We determined that, in parallel, the lipid fraction extracted by melittin is depleted of these lipids. It is proposed that the peptide accumulates in regions of bilayers where the bilayers are less ordered and, when its concentration is sufficient, detaches this patch from the membrane. These findings illustrate the need to investigate globally lipid efflux processes, from the peptide/ protein binding to the mixed lipid-peptide/protein self-assembly formation.
2616-Pos Board B308
Elucidating Lipid Domains Function by Combinatorial Screening of Protein-Lipids Interactions Roy Ziblat. Harvard university, Cambridge, MA, USA. Cell membranes composed of thousands of lipid species, differing in their alkyl chains, headgroups and degree of saturation. Changes in lipid composition or even the absence of a single lipid have shown to lead to severe pathologies and death. The leading hypothesis which explains the role of lipids in membrane functionality is that the lipids segregate into distinct domains. These lipid domains can with high specificity incorporate or exclude proteins, hence inhibit or accelerate biological processes at the membrane surface. Knowledge of 516a Tuesday, February 18, 2014 protein-domain interactions is essential to understand cell functionality, and yet today we cannot distinguish between the thousands of possible lipid domains, nor is there a method to determine with which domains a protein associates with. In this research I have developed a new methodology which determines in vitro the lipid composition a protein has a high affinity to. The method utilizes a liposome library composed of more than 250 liposomes, each made of a different lipid composition. The library has the largest and most diverse composition of lipid liposomes ever made. The affinity of proteins to each liposome is studied by advanced microfluidics and image processing, developed at Harvard. http:// youtu.be/f7OvnE0g-Uo Using this method we characterize the binding specificity of toxins, peptides, trans-membrane domains and viral proteins to lipid domains. This work is supported by: Human Frontiers Science Program Fellowship Yad-Hanadiv Rothschild Fellowship.
2617-Pos Board B309
Direct Visualization and Quantification of Doc2B-Mediated Membrane Fusion Ineke Brouwer, Asiya Giniatullina, Niels Laurens, Alexander J. Groffen, Gijs J.L. Wuite. VU University Amsterdam, Amsterdam, Netherlands. The C2 domains of the Doc2b protein are known to play a crucial role in regulating exocytosis through the coupling of calcium signals to secretory events. The exact mechanism, however, remains debated: Doc2b either inhibits SNARE-mediated membrane fusion at low calcium concentrations or it directly enhances membrane remodelling events at elevated calcium concentrations. Using a novel combination of optical trapping and fluorescence microscopy, we have addressed this issue by monitoring membrane-membrane interactions between two optically trapped micrometer-sized lipid-coated polystyrene beads. We initially brought the beads in close proximity to allow any protein-lipid and lipid-lipid interactions to take place and then retracted one bead while continuously measuring the force of the interaction between the two beads. The lipid coating on the beads was fluorescently labelled, enabling simultaneous imaging of lipid remodelling and measurement of forces associated with this process. The results show that in the presence of Doc2b, phosphatidylserine and calcium, a micrometers-long membrane stalk forms between the two individual membranes which is stable on a timescale of multiple minutes. Lipid mixing was observed, thus providing unambiguous evidence for an active role of Doc2b in membrane remodelling. The interaction forces between the two lipid-coated beads displayed a broad range up to 150 pN when a membrane stalk was formed. We conclude that Doc2b contributes to SNARE-dependent exocytosis by enhancing the probability of membrane stalk formation during local calcium elevations. In the near future, we aim to use a fluorescently labelled variant of Doc2b to determine the number of proteins bound needed to mediate the interaction and the position of the Doc2b protein with respect to the membrane stalk.
2618-Pos Board B310
The Role of Salt in Mitochondria: Returning Cytochrome C to its Native State After Its Dissociation from Cardiolipin Containing Membranes Leah Pandiscia, Reinhard Schweitzer-Stenner. Drexel University, Philadelphia, PA, USA. Cytochrome c is a well-researched bio-molecule, however, over the past decade, research on cytochrome c has shifted, driven by the necessity to understand this protein's role in triggering apoptosis. Very recent works by the Kagan group and others have shown that the protein is primed for this function by gaining peroxidase activity while still bound to the inner membrane surface of mitochrondra. Liposomes with anionic phospholipids have been used as model system for the inner mitochondrial membrane to which cytochrome c binds in vivo. In order to check whether cytochrome c -liposome interactions cause any irreversible structural changes to the protein, we subjected different proteinliposome mixtures to ultracentrifugation and measured the fluorescence and CD spectra of the proteins in the respective supernatants as well as of the corresponding protein-lipid complexes, in the absence and presence of 100 mM NaCl. Our data indicate that cyt c remains in a non-native conformational state after dissociation from liposome binding sites. Upon the addition of salt, however, the protein switches back to its native conformation. We propose that the liposome bound state of the protein contains a substantial fraction of what Pletneva and coworkers describe as an extended conformation of cytochrome c. After dissociating from the liposome but due to the positively charged surface of the protein, the repulsive forces between positive charges particularly in the Nand C-helix keep cyt c in this extended, partially unfolded state. The addition of NaCl neutralizes these charges, thus allowing the protein to return to its native state. Our data suggest that without the presence of NaCl in the inner membrane space of mitochondria cytochrome c would stay in a frustrated, misfolded state. riDOM (retro-inverso-dioleoyl-melittin) is a cell penetrating peptide with excellent transporter properties for DNA. It is a chimeric molecule where rimelittin is fused to dioleoylphosphoethanolamine. The physical-chemical properties of riDOM in solution and in the presence of DNA, heparan sulfate and lipid membranes were investigated with spectroscopic and thermodynamic methods. riDOM in solution forms nanoparticles with a diameter of~13 nm, composed of about 220 -270 molecules. riDOM binds tightly to DNA with a microscopic binding constant of 5 Â 10 7 M À1 and a stoichiometry of 12 riDOM per 10 DNA base pairs. In the complex the DNA double strand is completely shielded by the more hydrophobic riDOM molecules. Sulfated glycosaminoglycans such as heparan sulfate are also linear molecules with a negative charge. riDOM binding to heparan sulfate on cell surfaces can therefore interfere with DNA-riDOM binding.. riDOM nanoparticles bind efficiently to neutral and charged phospholipid bilayers. When dissolved in the membrane riDOM nanoparticles dissociate and form transient pores. The binding of cationic riDOM nanoparticles to negatively charged membranes consists of an initial electrostatic attraction to the membrane surface followed by a hydrophobic partitioning into the bilayer interior. z-potential titrations yield an effective riDOM charge of z riDOM=2 . The Gibbs free energy of binding is À8.0 to À10.0 kcal/mol which corresponds to the partition energy of a single fatty acid. Half of the hydrophobic surface of the lipid moiety with its 2 oleic acyl chains is therefore involved in a tight lipid-peptide interaction. This packing arrangement guarantees a good solubility of riDOM both in the aqueous and in the membrane phase. The binding enthalpy is small with DH Kindlins are a family of proteins which act in synergy with talin to stimulate the inside-out activation pathway of integrin receptors. Integrins are cell surface receptors that play a key role in various signal transduction pathways and are involved in many diseases such as thrombosis, inflammation and cancer. There is sequence similarity between the kindlin and the talin head domain but the kindlins have an additional pleckstrin homology (PH) domain. This PH domain is believed to be important for localization of kindlins to the cell membrane and for integrin activation, although the details of its membrane interactions (e.g. with PIP 2 lipids) remain unknown. In this study, we use the known NMR and crystal structures of the PH domains of the three kindlin isoforms to examine their association with different lipid bilayers containing zwitterionic lipids and phosphatidyl inositol phosphates at both atomistic and coarsegrained resolution using a multiscale simulation approach. Our results suggest a novel model for the kindlin PH/lipid encounter and subsequent interactions. In particular, all the PH isoforms associate with the PIP 2 lipids in the membrane via a highly positively charged loop and mutations of positive residues in this loop perturb the orientation of the PH domains relative to the lipid bilayer. We also demonstrate that reduction of the PIP 2 concentration in the lipid bilayer reduces the association of the PH domains with the membrane. Clustering of PIP 2 lipids in the bilayer leaflet adjacent to the protein is seen when the kindlin PH domains interact with charged lipid headgroups. 
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